Summary.
Regions of the visual cortex and the deep layers of the superior colliculus (SC) have been suggested to be functionally linked via an indirect' pathway through the basal ganglia. The present report demonstrates projections from the striate (area 17) and extrastriate (areas 18 and 18a) visual cortex in Long-Evans hooded rats to the striatum (ST) and SC with anterograde (biocytin) and retrograde (WGA-HRP and fluorescent dyes) tracers. Biocytin injections into each cortical area produced markedly different patterns of labeling in ST and SC. Injections into area 17 resulted in a dense labeling in the superficial layers of SC, with little labeling present in the deep layers of SC or ST. In contrast, injections into area 18a, which produced marked labeling in the deep layers of SC with moderate in the superficial layers, resulted in dense labeling in the caudal two-thirds of the dorsal region of ST; injections into area 18 produced numerous terminals mainly in the deep layers of SC and in the rostral two-thirds of the dorsal aspect of ST. WGA-HRP injections into ST resulted in numerous retrogradely labeled pyramidal neurons in areas 18 and 18a, but only a few labeled neurons were observed in area 17.
Corticostriatal neurons in extrastriate visual cortex were distributed predominantly in layer V, with smaller numbers in layers II and III, whereas corticotectal neurons were located only in layer V of both the striate and extrastriate visual cortex. Although corticostriatal and corticotectal neurons were intermingled in layer V, no double-labeled neurons were observed following injections of different fluorescent dyes into ST and SC. It appears, therefore, that: l) the major source of visual input to both ST and the deep layers of SC in the rat arises not from the primary visual cortex but from extrastriate visual areas; and that 2) the projections from the extrastriate visual area to ST and SC originate from different populations of corticofugal neurons.
As is well known, neurons in the deep layers of the superior colliculus (SC) are intimately involved in visually-guided behaviors (e.g., CASAGRANDE et al., 1972; DEAN et al., 1986; SAHIBZADA et al., 1986; REDGRAVE et al., 1987; NORTHMORE et al., 1988) , and the relationship between regions of visual cortex and SC is critical for the elaboration of these behaviors (HARDY and STEIN, 1988; OGASAWARA et al., 1984) . Attempts to detail the routes by which these interactions occur have focussed mainly on direct corticotectal projections; this is consistent with the fact that numerous regions of visual cortex are known to send dense projections to SC (see HARTING et al., 1992 , for references). However, it has been postulated that the visual cortex may also be functionally linked with the deep layers of SC via an indirect pathway through the basal ganglia (OLAVARRIA and VAN SLUYTERS, 1982; RHOADES et al., 1982; WILLIAMS and FAULL, 1985,1988; FAULL et al., 1986; MCGEORGE and FAULL, 1989; HARVEY and WORTHINGTON, 1990) . We have recently detailed the salient features of the corticostriatal component of this presumptive "indirect" pathway in the cat and compared it to the direct corticotectal projection (NoRITA et al., 1991; MCHAFFIE et al., 1993 same area of the cortex is also an important source of projections to the superficial and, especially, the deep layers of SC. However, the relative densities of the corticostriatal and corticotectal projections within their target structures vary with their position in LS: injections into the lateral bank of LS, which result in more labeling in the deep layers of SC, also produce more labeling in ST than do medial bank injections. Thus, it appears that the predominant projection into ST in the cat does not arise from the primary visual cortex but rather from extraprimary visual areas like LS which also have a close association with the deep layers of SC. In addition, although corticostriatal and corticotectal projections both arise from layer V neurons, they emanate from non-overlapping, morphologically distinguishable populations of corticof ugal neurons with distinct receptive field properties (see also NIIDA and MCHAFFIE, 1993) .
The aim of the present study was, therefore, to determine if these same organizational relationships were present in the pigmented rat. Portions of this work have been reported previously in abstract form (SERIZAWA et al., 1992) .
MATERIALS AND METHODS
Twenty-seven adult Long-Evans hooded rats weighing 180-350 gm were used in this study (Table 1) . The animals were anesthetized with sodium pentobarbital (40 mg/kg, i.p.) and placed in a stereotaxic frame. Cortical areas were delineated according to the nomenclature of KRIEG (1946) .
Anterograde tracer
Fifteen rats received injections of biocytin (Sigma, 0.3-0.9 al of a 5% solution in 0.05 M Tris, pH 7.6) deposited in different regions of visual cortical areas 17, 18 and 18a using a 1.0ul Hamilton microsyringe fitted with a glass micropipette (internal diameter, 60-80 pm). Following a survival period of two days, the animals were deeply anesthetized with sodium pentobarbital and perfused transcardially with 0.9% saline followed by a mixture of 0.5% paraf ormaldehyde and 2.5% glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.4), with 10% sucrose added. The brains were removed and stored overnight in cold 0.1 M phosphate buffer containing 30% sucrose. The brains were sectioned in a coronal plane with a freezing microtome at 50 sum, and the sections were processed according to the methods by KING et al. (1989) . Briefly, sections were rinsed in 0.1 M phosphate buffer containing 0.3% Triton X and preincubated with horseradish peroxidase avidin D (Vector) dissolved in 0.1 M phosphate buffer with 0.3% Triton x at room temperature for 3 h. The peroxidase reaction was performed using diaminobenzidine as the chromogen with 0.005% nickel chloride/cobalt acetate added to the incubation medium. The sections were mounted on gelatin-coated glass slides and counterstained with neutral red. Photomicroscopic analysis was performed to examine the distribution Table 1 . Summary of tracers injected, location of the injections, total volume of tracer injected and the number of penetrations for each rat examined.
of the biocytin-labeled fibers and terminals in ST and SC.
Retrograde tracers
Pressure injections of wheat germ agglutinin-conjugated horseradish peroxidase (WGA-HRP-Sigma, 0.005-0.01x1 of a 3% solution dissolved in distilled water) were made into the ST and SC of seven rats. All injections were made stereotaxically according to the atlas by PAxINOS and WATSON (1982) . After survival periods of two days, the animals were sacrificed with an overdose of sodium pentobarbital and perfused with the same fixative as above. After storage overnight in cold buffered 30% sucrose, the brains were sectioned along the coronal plane on a freezing microtome at 50 um. The sections were reacted according to the methods by MESULAM et al. (1980) using tetramethylbenzidine as the chromogen and counterstained with neutral red. In five rats, stereotaxic injections of dextran fluorescein (DF) and dextran tetramethylrhodamine (DR) (Molecular Probes, 0.5-2.0,ul of a 20% solution dissolved in distilled water) were made into ST and SC, respectively. After a 6-7 day survival period, the animals were perfused transcardially with 0.9% saline followed by 4% paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.4) with 10% sucrose added. Brains were stored overnight in cold buffered 30% sucrose. Frozen coronal sections were cut at 50um, mounted immediately, and air-dried at room temperature. The sections were examined to identify retrogradely labeled fluorescent neurons with an Olympus epifluorescent microscope equipped with appropriate excitation/barrier filters (IF 460-490, for DF/IF530-545, for DR).
RESULTS

Anterograde tracing study
Projections of area 17 to the striatum and the superior colliculus
The largest injection was made in case KAF-90, in which three loci in the medial half of area 17 received biocytin injections (Fig. IA) . Most of the injected tracer was confined within the cortical gray matter, with little spread of reaction product into the subjacent white matter. Although the injection encompassed all cortical layers, only a few labeled fibers and terminals could be detected in the ipsilateral ST (Figs. 1B, 4A); this contrasts with the dense fiber and terminal labeling that was observed in the superficial layers of the ipsilateral SC (Figs. 1C, 4A ). No labeling could be detected in the contralateral ST or con- and caudal directions. The labeled fibers mostly terminated in the dorsal portion of layer III and layer II, whereas a few terminated in layer I. Individual corticotectal fibers gave rise to several preterminal arbors, which extended relatively short distances (20-40um) before terminating as several terminal swellings. Swellings on the corticotectal fibers were always spherical in shape and rather uniform in size (0.5-1.5 pm in diameter). Occasionally, swellings occurred as dilations along the main stem axon.
The pattern of labeling in SC in case KAF-90 appeared as three, distinct aggregations of labeling spanning the mediolateral extent of the superficial layers which presumably corresponded to the multiple cortical injection sites (Figs. 1C, 4A). After single focal injections into area 17 (cases KAF-32, KAF-33, and KAF-114; see Fig. 4B ), very slight, if any, labeling was observed in the ipsilateral ST, whereas dense or moderate labeling was found in the superficial layers of the ipsilateral SC, where it was distributed in a patch-like fashion. In these cases, no labeling could be detected in the contralateral ST or SC. The corticotectal projections from area 17 were topographically organized ( Fig. 4B ). In case KAF-32, tracer injected into the rostromedial portion of area 17, which corresponds to the lower temporal visual field representation (ESPINOZA and THOMAS, 1983) , resulted in labeling in the caudolateral portion of SC, which contains the representation of the lower temporal visual field (SIMINOFF et al., 1966) . In case KAF-33, injections into the rostrolateral region of area 17, which corresponds to the upper nasal visual field (ESPINOZA and THOMAS, 1983) , produced a patch-like labeling in the rostromedial region of SC, which corresponds to the upper nasal visual field (SIMINOFF et al., 1966) . In case KAF-114, in which the tracer was injected in the caudomedial region of area 17, which corresponds to the upper temporal visual field (ESPINOZA and THOMAS, 1983 ), a focal labeling was found in the caudomedial portion of SC, which corresponds to the upper temporal visual field of SIMINOFF et al. (1966) .
Projections of area 18a to the striatum and the superior colliculus
In all area 18a cases, the injection sites were virtually restricted to the cortical gray matter. The largest injection was made in case KAF-91, in which three loci were injected with biocytin, which encompassed virtually all of cortical area 18a ( Fig. 2A) . In this case, dense labeling was found mainly in the caudal two-thirds of the dorsal region of the ipsilateral ST as well as very light labeling in the homologous regions of the contralateral ST (Figs. 2B, 5A ). Corticostriatal axons passed through the subcortical white matter and entered into the dorsal portion of ST. The labeled axons gave rise to a number of short side twigs, each of which had a small swelling. Finally the axons arborized into 2 or 3 thin terminal arbors (5-20 um in length). These terminal arbors bore several terminal swellings. The corticostriatal projections from area 18a also displayed a rostrocaudal topography (Fig. 5B) . Thus, following an injection into the rostral part of area 18a (KAF-40), dense labeling could be observed in the intermediate portion of ST; this same injection produced moderate labeling in the caudal one-third of ST. On the other hand, following an injection into the caudal one-third of area 18a (KAF-57), dense labeling was present in the caudalmost portion of ST; moderate labeling was also seen in the caudal two-thirds of ST. After an injection into the caudal one-fourth of ST (KAF-97, not illustrated), labeling was observed only in the caudalmost portion of ST.
Area 18a injections also produced dense labeling in the ipsilateral SC. The heaviest labeling was found in the upper portion of layer IV, while moderate labeling was seen in layers II, III and VI. A few labeled fibers were also present in layers V and VII (Fig. 2C,  5A ). No labeling could be detected in the contralateral SC. Corticotectal axons from these injections passed through the brachium of SC and entered into layer III. A number of labeled axons turned ventrally into the deep layers, while others coursed dorsally into layer II. The morphological features of labeled fibers and terminals from area 18a were indistinguishable from those found in the corticotectal projections from area 17 (see above). Following single focal injections into different regions of the visual representation of area 18a (i.e., in Fig.  5C ), virtually all labeled fibers and terminals were restricted to the central portion of SC. Thus, the precise topography that is present with area 17 injections was not observed in the corticotectal projection from area 18a.
Projections of area l8 to the striatum and the superior colliculus
The largest injection was made in case KAF-92 in which multiple tracer injections were made in the rostral two-thirds of area 18 (Figs. 3A, 6A ). The injection site was confined largely within the gray matter.
In this case, dense labeling was found in the dorsomedial portion of the rostral two-thirds of the ipsilateral ST (Figs. 3B, 6A) as well as very slight labeling in the homologous contralateral ST. as those from area 18a. The morphological features of axons and terminals labeled by these injections were indistinguishable from those seen in area 18a injection cases (see above). The corticostriatal projection from area 18 showed a rough rostrocaudal topographical organization (Fig. 6B) . Thus, after an injection into the rostral portion of area 18 (KAF-112), labeling was observed in the rostral half of ST. Following injections into the caudal one-fourth of area 18 (KAF-125), labeling was observed mainly in the intermediate portion of ST.
In case KAF-92, labeling was found predominately in the medial half of the deep layers of SC (Figs. 3C,  6A) ; comparatively little labeling was present in the superficial layers. No labeling could be detected in the contralateral SC. Corticotectal efferents from area 18 reached SC by a different course than those from areas 17 and 18a. Unlike area 17 or 18a fibers, which enter the SC via the brachium of SC, corticotectal axons from area 18 passed through the posterior thalamus and the pretectal area before terminating in the deep layers of SC. The morphological features of these labeled axons and terminals were indistinguishable from those seen in area 18a injection cases (see above). Focal injections into different portions of area 18 representation (i.e., KAF-112, KAF-125, in Fig. 6C ) all resulted in labeling in the medial half of SC, suggesting the lack of a precise topographic relationship between area 18 and SC.
Retrograde tracing study
WGA-HRP study
In case KAF-140, the tracer was injected into the dorsal region of the rostrocaudal intermediate portion of ST with minimal spread to the overlying white matter of the cerebral cortex (Fig. 7A) . In this case, numerous pyramidal neurons were labeled bilaterally in areas 18 and 18a with ipsilateral predominance; few labeled neurons were present in area 17. The majority of retrogradely labeled neurons were located in layer V, where they were distributed throughout the dorso-ventral extent of the layer; a small number of labeled neurons were also present in layers II and III (Fig. 7B) . Corticostriatal neurons were similar in shape and size regardless of the layers in which they were located; most had small sized soma (10-12um in diameter). In this case, dense anterograde labeling could also be observed in the ventral and medial regions of the substantia nigra pars reticulata (SNr) (not illustrated).
In case KAF-142, the tracer was injected into the caudal portion of ST. In this case, dense retrograde labeled neurons (with 10-15um in diameter) were located in the dorso-ventral extent of layer V, with a few in layers II and III in area 18a. No labeled neurons could be found in areas 17 and 18. In contrast to case KAF-140 (see above), dense anterograde labeling was seen in the dorsolateral region of SNr (not illustrated).
In case KAF-168 (Fig. 8 ) and other cases (KAF-150, KAF-151, KAF-161, not illustrated), a large injection of WGA-HRP was made into SC which encompassed both the superficial deep layers (Fig. 8A) . In case KAF-168, numerous labeled pyramidal neurons were observed ipsilaterally in areas 17, 18 and 18a where they were distributed in the entire dorso-ventral extent of layer V (Fig. 8B) . Corticotectal neurons found in these three different cortical areas were also similar in shape to those in the corticostriatal neurons, small sized (10-12um in diameter). In this case, a number of retrograde labeled cells were seen throughout the SNr (not illustrated).
Double fluorescent study
As indicated above, corticostriatal and corticotectal neurons in layer V of areas 17, 18 and 18a were fundamentally similar in size and in distribution. Thus, it was not possible to determine by morphology and laminar positions alone whether corticostriatal and corticotectal projections are derived from two segregated populations of neurons of whether the same neuron provides divergent collaterals which innervate both ST and SC.
The fluorescent dyes DR and DF gave virtually the same degree of cortical labeling as did the use of WGA-HRP. In order to avoid unnecessary repetition, one representative case (KAF-160) will be shown in Figure 9 . In this case, DF was injected into the dorsal region of the caudal two-thirds of ST, while DR was injected into the middle of SC, encompassing both the superficial and deep layers. Numerous retrogradely labeled neurons were observed in all visual cortical areas. A number of corticostriatal neurons labeled by DF were found mainly in layer V of areas 18 and 18a, with a few in layer V of area 17. On the other hand, a number of corticotectal neurons labeled by DR were observed only in layer V of area 17, 18 and 18a. Although neurons labeled by either DF or DR were intermingled with one another in layer V (suggesting an appropriate registration between the two injections sites), no double labeled neurons could be found. Similar results were observed in each of the other cases (KAF-146, KAF-147, KAF-152 and KAF-153, not illustrated). 
DISCUSSION
The present experiments were intended to provide basic anatomical data regarding the details of the corticostriatal and corticotectal pathways of the rodent in order to establish the relationships that exist among the various regions of visual cortex, the basal ganglia, and SC. Detailing such relationships is fundamental to our understanding of how different regions of visual cortex act to regulate SC-mediated visually-guided behaviors. The present results show that: 1) the major source of visual input to both ST and to the deep layers of SC in the rat arises not from the striate visual cortex (i.e., area 17) but from extrastriate visual areas (i.e., areas 18 and 18a) ; that 2) the projections from extrastriate visual areas to ST and SC originate from segregated populations of corticofugal neurons; and that 3) corticostriatal projections terminate differentially within ST. These findings have been discussed in previous reports.
Direct corticotectal pathway
The present study has utilized the anterograde tracer biocytin to demonstrate the corticotectal projection from visual cortical areas to ST and SC. It is evident from such injections that different visual areas produce markedly different patterns of SC labeling. Thus, area 17 injections produced labeling restricted to the superficial layers (layers I-III); area 18a injections resulted in labeling in both the superficial (mainly in the layer III) and deep layers (layers IV-VII); and area 18 injections resulted in labeling that was restricted to the deeper layers. Thus, the present results indicate that visual information from the striate visual cortex is conveyed directly to the superficial layers of SC, while that from extrastriate visual areas is transmitted to the deep layers. The present results are also consistent with previous reports that the topographical projection from area 17 is precisely organized (LUND, 1966; OLAVARRIA and VAN SLUYTERS, 1982 ; HARVEY and WORTHINGTON, 1990) , whereas the corticotectal projections from both areas 18 and 18a are more diffusely organized (HARVEY and WORTHINGTON, 1990) . Furthermore, we also determined that there are different distributional patterns for corticotectal projections between area 18 and area 18a. Thus, area 18a projects throughout the entire rostrocaudal extent and mainly in the intermediate portion of the mediolateral extent of SC. On the other hand, area 18 projected throughout the entire rostrocaudal extent and in the medial half portion of SC.
In the cat, projections from areas 17,18 and 19 are known to terminate topographically in the superficial layers of SC (UPDYKE, 1977; SEGAL and BECKSTEAD, 1984) ; lateral suprasylvian cortex (LS) projects to both the superficial and the deep layers of SC in rough topographic manner (e.g., SEGAL and BECKSTEAD, 1984; NORITA et al., 1991) . It thus appears that in both the rat and cat, the major source of visual input to the deep layers of the SC originates from extrastriate visual cortical areas.
Layer V neurons are known to be the source of visual corticotectal projections in a variety of species (e.g., rats : JEN et al., 1978; SEFTON et al., 1981; OLAVARRIA et al., 1982 , cats: HOLLANDER, 1974 MAGALHAES-CASTRO et al., 1975; KAWAMURA et al., 1978; SEGAL and BECKSTEAD, 1984; NORITA et al., 1991; MCHAFFIE et al., 1993 , monkeys: FRIES, 1984 . The present data regarding the laminar distribution of the corticotectal neurons is thus consistent with previous retrograde experiments. However, in the 
KAF-160
ST SC Cortex present study, corticotectal neurons in areas 17, 18 and 18a were distributed throughout the dorso-ventral extent of layer V; this contrasts with previous reports in both the hamster (RHOADES et al., 1982) and cat (NoRITA et al.,1991; MCHAFFIE et a1.,1993) which indicate that corticotectal neurons in both species are preferentially located in the lower aspects of layer V.
Indirect corticotectal pathway
Although it is well known that ST of the rat receives corticostriatal projections from visual cortical areas (WEBSTER, 1961; VEENING et al., 1980; FAULL et al., 1986; MCGEORGE and FAULL, 1989) , there are conflicting data on the specific regions that give rise to this projection. VEENING et al. (1980) indicated that corticostriatal projections originate only from extrastriate visual cortical areas, whereas both FAULL et al. (1986) and MCGEORGE and FAULL (1989) reported that corticostriatal projections originate from both the striate and extrastriate cortex. We have demonstrated that while the major input from visual cortex arises from area 18 and 18a, there is also a minor projection from area 17. The reasons for the discrepancy between the results of VEENING et al. (1980) and our present description are unclear at present, but may be associated with the sensitivity of the specific tracer that was utilized. Nevertheless, in the present report, we have observed similar distributions of corticostriatal neurons using both WGA-HRP and fluorescent dyes. It is unlikely, therefore, that methodology alone is responsible for the differences in the data. The present results also confirm the rostrocaudal topographic organization in the corticostriatal projections reported previously (FAULL et al., 1986; MCGEORGE and FAULL, 1989) . Thus, the rostral portions of extrastriate cortex (areas 18 and 18a) project to more rostral sites in ST, while the caudal portions of the extrastriate cortex project to the more caudal loci. However, it should be emphasized that while the dorsal aspect of the caudalmost regions of ST receive afferent fibers from the caudal region of area 18a, this region of ST apparently does not receive fibers from any region of area 18.
In rodents, striatopetal projections from cortical visual areas have been shown to arise only from layer V (e.g., in rats: VEENING et al., 1980; MCGEORGE and FAULL, 1989, in hamsters: RHOADES et al., 1982) . The present retrograde labeling findings, utilizing both WGA-HRP and fluorescent dyes, revealed that while corticostriatal neurons were located mainly in layer V, small numbers of retrogradely-labeled were consistently observed in layers II and III. Thus, the laminar distribution of corticostriatal neurons in rats was consistent with that previously described in LS of cats (NORITA et al.,1991; UPDYKE,1993; MCHAFFIE et al., 1993) . In contrast, the present results indicate that corticostriatal neurons in the rat were not segregated within layer V but were distributed throughout its dorso-ventral extent in each of the visual cortical areas examined. This homogeneous distribution of corticostriatal neurons within layer V contrasts with previous findings in the hamster (RHOADES et al., 1982) and cat (NORITA et al., 1991; MCHAFFIE et al., 1993) , in which corticostriatal neurons were reported to be preferentially located in the upper aspects of layer V. In addition, the differences that exist between the somal sizes of corticostriatal and corticotectal neurons in the cat LS were not evident in the present analysis. Despite such variability, however, we found that the corticostriatal and corticotectal projections from both area 18 and area 18a originated from different populations of corticofugal neurons; thus, segregation that has been shown both anatomically (NoRITA et al.,1991; McHAFFIE et al., 1993) and physiologically (NIIDA and MCHAFFIE, 1993) to characterize the corticostriatal and corticotectal projections from regions of extrastriate visual cortex in cats is also evident in the rat.
It was been repeatedly acknowledged that an "indirect" pathway through ST and SNr is a potential route by which visual cortical areas can access the deep layers of SC and thus regulate the neural circuitry in the brain stem and spinal cord that is involved in the generation of head and eye movements (RHOADES et al., 1982; WILLIAMS and FAULL, 1985, 1988; FAULL et al., 1986) . Of particular concern here is the topographical relationships that exist within the "indirect" route. We have confirmed and extended these relationships in the present study. Thus, injections of WGA-HRP into the dorsal and more rostral portions of ST (case KAF-140), where projections from area 18 terminate, produced anterograde labeling in the ventral and medial aspect of SNr. In contrast, injections into the more caudal portion of ST (case KAF-142), where projections from area 18a terminate, resulted in anterograde labeling in the dorsolateral aspect of SNr. Recently REDGRAVE et al. (1992) have suggested that segregated parallel nigrotectal input channels arise from different regions of nigra; these channels, in turn, can be correlated to both nigral afferent systems and tectal output pathways. Thus, the rostrolateral intermediate layers of SC receive input from the dorso-lateral aspect of SNr, whereas the medial and caudal intermediate layers receive input from the ventral and medial portions of SNr. These two regions of SC, in turn, give rise to descending output pathways that have different sites of termination within the brainstem and spinal cord. These two pathways have been implicated in different aspects of head control in rodents (REDGRAVE et al., 1992) . The relationship between striatal corticorecepient zones and patterns of striatonigral relationships suggests that subpopulations of tectof ugal neurons in the deep SC, which teminate differentially in the brainstem and spinal cord, may receive different cortical information via the indirect pathway. Thus, the information conveyed from area 18 would be directed to neurons in the medial and caudal aspects of the deep layers of SC, while the information relayed from area 18a would be directed to neurons in the rostrolateral aspect of the deep layers of SC. It is interesting to note that the regions of SC that are the target of direct projections from area 18 or 18a are consistant with the regions contacted by these two areas via the indirect corticostriato-nigro-tectal projection. In the cat, the corticostriatal projections arise not from areas 17 and 18 but from area 19 as well as LS (e.g., BATTAGLINI et al., 1982) . According to recent studies (HARTING et al., 1988; TOKUNO et al., 1990; NORITA et al., 1991; MCHAFFIE et al., 1993) , it is possible to say that the information in LS is transmitted to the deep layers of SC via the caudal part of ST (caudate nucleus and putamen) and the lateral part of SNr. It thus appears that the major source of visual input to ST in both the rat and cat originate from the extrastriate visual cortical areas.
Functional implications
There is accumulating evidence that the different output pathways in the rodent SC, which arise from non-overlapping populations of neurons (REDGRAVE et al., 1988; WESTBY et al., 1990) , are associated with different aspects of behavior (e.g., DEAN et al., 1986; SAHIBZADA et al., 1986; NORTHMORE et al., 1988) . Thus, the ipsilateral descending pathway, which terminates in the regions of the cuneiform area and pons, has been associated with withdrawal or defensive behaviors, whereas the contralaterally projecting pathway, which descends as the tecto-reticulospinal tract (REDGRAVE et al., 1986 (REDGRAVE et al., , 1987 , is involved with orientation and approach behaviors. It might be expected, therefore, that the cells-of-origin of these various output systems may receive fundamentally different types of sensory information in order to facilitate these different types of behaviors. Thus, the crossed tecto-reticulo-spinal pathway is believed to be primarily somatosensory and auditory (KEAY et al., 1990; WESTBY et al., 1990) , whereas the ipsilateral projection has been characterized as being mainly visual. Similarly, each of these different pathways may be differentially controlled by differential regions of SNr neurons (REDGRAVE et al., 1992) . The present study has shown that the projections from areas 18 and 18a terminate differentially in ST and that these different regions of ST project, in turn, to different regions of SNr. Thus, cortical information from area 18a, which may access the rostrolateral aspect of the intermediate SC via the direct and indirect pathways, can effect output cells in the crossed descending pathway that projects to the contralateral medulla and spinal cord. On the other hand, area 18, which can access the medial and caudal aspects of SC, can modulate the activity of output cells in the crossed descending pathway that terminates in regions of the paramedian pontine and medullary reticular formation. Each of these areas has been postulated to be involved in different types of head movement control in rodents (REDGRAVE et al., 1992) . Alternatively, some of this cortically derived visual information may access the ipsilateral descending pathway and thus play a role in the visually-guided avoidance and escape-like behaviors associated with visual objects that appear from above. While the striato-nigro-tecto-reticulospinal pathway is undoubtedly a critical component in the cortical control of visually-guided behaviors, the reletive contributions of the direct and "indirect" pathway on visual behaviors mediated via SC remain to be established. Head and body movements produced by electrical stimulation of superior colliculus in rats : effects of interruption of crossed tectoreticulospinal pathway. Neuroscience 19: 367-380 (1986 
